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SUMMARY 
Examinations during 3 consecutive years were made in Iowa 
for mold development in yellow dent shelled COl'll stored in steel 
bins of 1,000-2,740 bushel capacities. The first was made during 
August and September 1941, the second in March 1942 and the 
third in April 1943. Different bins were examined in each of the 
three inspections. Bins reportedly containing some COl'll of 14 
percent or more moisture were examined and probed in the first 
examination, those with corn of 13.5 percent or more moisture 
in the second examination; no selection of bins for moisture con-
tent was made in the third examination. All of the bins ex-
amined had been filled during the jall previous to sampling. 
In the first examination, approximately 50 percent of 58 bins 
showed mold development with accompanying mold-matting of 
corn in the upper central surface region. In late March 1942, 
approximately 73 percent of 22 bins showed this same condi-
tion, while in early April 1943, approximately 75 percent of 37 
bins were affected. The extent of mold development varied, in 
the different bins, from a small area of several feet in diameter 
and 6 inches in depth to the entire diameter of the bin and 2% to 
4 feet in depth. 
Penicillit~m palitans was the predominating fungus in the 
molding corn over the first winter period of storage, with the 
other fungi, such as Asper'gillns fiavns, A. candidns, members of 
the A. glat~cus group and the blue-eye fungi (Penicillinm nlgtl-
losum and P. chrysogenu1n, with P. palitans included ), appear-
ing as distinct stratifications. The blue-eye fungi were the only 
ones of several tested in the laboratory which developed at 9 ~ 
and 0.5" C. 
The late summer inspection of 1941 revealed stratification of 
some of these same fungi but in less distinct zones. These zones 
were heavily intermixed with species of Mtu/or, Rhizopns, 
Absidia, Penicillit~m, Aspe1'gillus and other less defined organ-
isms. Blue-eye corn occurred on the outer rim of the heavily 
molded zone; immediately beyond and below this, in the drier 
corn, A. candidus and members of the A. glatwuS group occurred. 
The moisture content of the COl'll in the bins was generally 
higher in the upper 2-foot region where mold development was 
prevalent. Below this' the moisture content was at a slightly 
decreasing lower level throughout. 
The deterioration of corn as measured by germ inability losses 
and fat acidity illcl"eClses was nearly compl ete ill till' Ilpper 2 feet 
of most bins examined but was progressively ler;s toward the 
lower parts. Such losses were most marked by late summer after 
the eorn had undergone a winter, spring and summer period of 
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storage. Similar but less marked losses occurred even over a 
'winter period of storage. 
Insect infestations were absent in all but a few bins, where 
they were light to moderate. 
Laboratory studies revealed the following minimum relative 
humidities for spore germination: Aspe1'gill1/'s candidt/,S and 
A . amstelO'daJYYlJ'i, 72.5 percent; A. nigm·, 80 percent; A. fi,av1tS, 
82.5 percent; Penicilliwm chr'ysogenum, 85 percent; and P. n~g11r 
losum, P. palitans and Mucor racemosus, 87.5 percent. 
The molding of two yellow dent hybrids, infested and non-
infested with spores from each of eight fungi, was slightly 
earlier and more luxuriant over a range of relative humidity 
(97.5 to 72.5 percent ) on a soft, starchy corn than on a hard, 
flinty-type corn. Infestations with fungus spores hastened the 
first appearance of mold growth on this corn. A relative hu-
midity of approximately 65 percent was extrapolated as the lower 
limit for mold growth on corn. 
Laboratory storage of 9.7, 11.0, 12.0, 13.0 and 14.0 percent 
moisture corn for 1 year in tight metal containers at 20_25 0 C. 
produced germinability losses of near 50 percent in the 14.0 per-
cent moisture corn with accompanying fat acidity increase and 
blue-eye development. The 9.7 to 13.0 percent moisture corn 
at this time showed no germinability losses, with the 12.0 and 
13.0 percent moisture corn showing only slight fat acidity in-
crease. After 2 years of storage the 14.0 percent moisture corn 
sustained complete loss of germinability with increase in fat 
acidity to 68.9 units from the original 24.9 units and damage in-
crease to 45.6 percent from the original 3.6 percent. In the same 
period the drier corn showed lower germinability losses and 
fat acidity increases, with no change in the percentage of dam-
aged corn. Corn of 9.7 percent moisture showed no change in 
any of these characteristics during this period. 
Observations on Mold Development 
and on Deterioration in Stored 
Yellow Dent Shelled Cornl 
By G . SEMENIUK, C. M. NAGEL AND J. C. GILMAN2 
In the Oorn Belt of the United States storage of shell€d yellow 
dent c-orn in steel bins of 1,000-2,740 bushel capacities for periods 
of several years3 accented some of the problems of corn d€teriora-
tion. One problem was the damage resulting from mold develop-
ment,especially in certain areas and during years wh€n crib-
drying of ear corn was inadequate. Molds frequently d€veloped 
from failure to observe the set moisture limits for shell€d corn 
storage (13.5 percent maximum ) and from natural increase in 
moisture in the upper parts of the bins. Other problems were 
concern€d with deterioration reflected by corn germinability 
losses and fat acidity increases. 
To ascertain the extent of such deterioration and the identity 
of the molds, bin-stored shelled corn (owned by the Oommodity 
Or edit Oorporation) was examined in ar€as of Iowa where high-
moisture corn was known to occur. Different sets of bins were 
investigated at each of three periods: the first during August-
September 1941, the second during lare March 1942 and the third 
during early April 1943. 'fhe bins were all different and were 
examined only once except for four bins in the 1942 inspection 
which wer€ re-examined. In 1941 and 1942 only bins known to 
contain some high-moisture corn were visited, while in 1943 all 
available bins were visited without previous knowledge of their 
corn-moisture content. In all of the bins, the shelled corn had 
been placed in storage during October, November and December 
of the year previous to examination. Thus, the interval of 
storage was over the winter period, except in the 1941 examina-
tion, when the interval of storage also included the succeeding 
spring and summer. 
'fo supplement these bin examinations, cer tain studies were 
conducted in the laboratory. These studies comprised an in-
v€stigation of some factors influencing the molding and deteriora-
'Project No_ 754 of the Iowa Agricultural Experiment Statiou, in cooperation with 
the Commodity Credit Corporation through the Division of Cereal Crops and Diseases, 
Burean of Plant Industry, Soils a nd Agricul tural Engineering, Agricultural Research 
Administration, United States Department of Agriculture_ 
2The writers wish to express thpit· thanks to F.. A. Ellisoll, g'l'ain Rt,orage specialist, 
Agricultural Adjustment. Administration; 10 II. J. Burro, fOl'medy "l"e~(':Hch u!-!~ i ~ti.lnt 
professor and agent, l'cspectively, of the Iown Agl'icnltul'al Engin ee l'i llg' Sectio ll , rO\\'a 
Agricul tura l Experiment Statiou and the Bureau oC Plant Industry. Soi ls and Agricul-
tura l Engineering; and 10 L E. Melh lls, Botany and Plant Pathology Section, Iowa 
Agricul tural Experim ent Statioll, for th eir interest and assistance in the present work. 
3The ever-normal gr anary program of the United States Government. 
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tion of corn. The factors investigated were: (1) the minimum 
temperature and moisture requirements for the development of 
specific fungi isolated from molding corn in the bins; (2) the 
relation of atmospheric humidity to the molding of corn; and 
(3) the deterioration of low-moisture corn when stored in tight 
containers. 
PAR'!' I- BIN EXAMINATIONS 
BIN EXAMINATION PROCEDURE 
In 1941, bins were selected from the available records" which 
showed the presence of some corn of 14 percent or more moisture 
at the time of filling or at some subsequent date of inspection. 
In 1942, selections were made from similar records of bins con-
taining corn having 13,5 percent or more moisture at the time of 
filling. In 1943 no bin selections were possible, as moisture 
records were unavailable. In 1943, and for the most part in 1941 
and 1942, the examined bins were in the north-central counties 
of Iowa. However, a few high moisture bins were found in 
the central counties of Iowa in 1941 and 1942, 
To examine the corn, the bins were entered through an .opening 
in the roof. Oorn samples were collected at I-foot intervals down 
the center of each bin in sufficient amounts for the isolation of 
molds and for the determination of corn grade, moisture content, 
germination percentage, fat acidity and bushel weights. A 
standard la-celled, 5-foot grain probe was used for the collection 
of these samples; an 8-foot extension was added to this for the 
removal of similar samples at the lower depths. Since approxi-
mately 12 feet was the usual depth of corn in the 2,740-bushel 
bins, an unsampled 2-foot interval occurred between the upper 
and lower parts of these bins. Temperatures in the corn were 
determined in the upper half of the bins with the aid of six 
mercury thermometers which were attached at I-foot intervals 
in a groove along the length of a 7-foot pole. This pole was 
pushed down the center of the corn mass at an angle approxi-
mately 15° to the vertical. No temperature readings were made 
in the lower half of the bins. 
OOl'n grade determinations were made by a licensed grain in-
spectorS in accordance with the October 1940 official U. S. De-
partment of Agriculture grain grading standards. Moisture 
was determined with a Tag-Heppenstall moisture meter. Gel'-
4Thanks are expl"essed to the county and state Agricultural Adjustment Adminis· 
tration chairmen for permi ssion to cousult these records. r.rhese records consisted or 
moisture percentages fo r the diffel'ent lots of corn put into each bin during the fall 
aud for the upper region of each bin during the succeeding spring a nd summer. 
5Thanks are du e D. F, Atkins, formerly agent, Bureau of Plant Industry, Soils and 
Agricultural Engineering, for making these determinations. 
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minabilityG was assessed on 200 kernels placed embryo down on 
wet blotters and held at 30° C. for 5 days. Germinability losses 
were taken as the difference between the percentage germina-
bility values and 100 percent. Fat acidities were determined by 
the method of Zeleny and Coleman (15) and recorded on the 
basis of 100 grams of dry matter. Bushel weights, corrected to a 
15 percent moisture basis, were determined in duplicate, using a 
container of approximately 100 ml. capacity. 
RESULTS OF THE 1941 BIN EXAMINATIONS 
The first of the series of examinations was made in late August 
and early September 1941. The corn in the bins was produced 
in 1938 and 1939, then stored in cribs on farms until the fall of 
1940 at which time it was shelled and placed in the bins. Fifty-
eight bins were examined at 26 sites in Cerro Gordo, Greene, 
Hancock, Mitchell, Story, Winnebago and Worth counties. Only 
22 of these were sampled throughout the depth of the contained 
corn. 
The moisture content, germinability, fat acidity, bushel weight 
and temperature data on the 22 bins are presented in table 1; 
the interrelationships of certain of these are shown in figs. 1, 2 
and 3. rrhe complete set of data on fat acidities and bushel 
weights is not available on all 22 bins because of small samples 
or loss of certain samples. 
The damage to corn from mold development with accompany-
ing heating was evident in 50 percent of the 58 bins examined. 
Since the bins were selected because they contained more than 
the normal amount of moisture, this no doubt accounted for the 
high percentage of damage found. In addition, the above-normal 
outdoor temperatures which prevailed throughout most of the bin 
storage period may have contributed to this condition. The 
molded corn was confined generally to the upper central surface 
region and extended to a maximum depth of approximately 2 feet 
in the center across two-thirds the radius of the bin. In one 
instance it extended entirely across the diameter of the bin to a 
uniform depth of approximately 4 feet from the surface. This 
moldy condition frequently could not 00 readily detected by 
casual inspection because of a thin top layer of sound corn, a 
few kernels in depth, which covered the underlying moldy corn. 
'llhe molded corn frequently was sufficiently matted together 
with mycelium to support the weight of a man. 
The moisture, fat acidity and loss of germinability of the corn 
within the bins are plotted in fig. 1. The 22 bins were divided 
into two groups according to the moisture content in the center 
6Germinability. fat acidity and mold development were used as indicators of the 
extent of deterioration in the corn. Since this corn was not to be used for planting 
purposes these indicators have little significance as guides for handling seed corn. 
TABLE 1. SUMMARY OF MOISTURE CONTENT, GERMINABILITY, FAT ACIDITY AND WEIGHT PER BUSHEL OF CORN AT 
I·FOOT INTERVALS DOWN THE CENTER OF 22 DIFFEREN'l' COMlIIODITY CREDIT CORPORATION STEEL BINS 
LOCATED IN CERRO GORDO, GREENE, HANCOCK, WINNEBAGO AND WOR'l'H COUNTIES, IOWA. 
AUGUST AND SEPTEMBER, 1941. 
Location 
Bin Determinations 
County Town no. 
Cerro Gordo .. Clear Lake ... 369 Moisture (%) ..... 
Germination (%)* . 
Wt. per bu ....... 
Clear Lake ... 270 Moisture (%) ..... 
Germination (%) .. 
Wt. per bu ..... . . . 
Fat acidity (units). 
Clear Lake ... 373 Moisture (%) ..... 
Germination (%) . . 
Wt. per bu ....... . 
Fat acidity (units). 
Temperature (OC). 
Plymouth . '" 431 Moisture (%) ..... 
Germination (%) .. 
Wt. per bu ........ 
Fat acidity (units). 
Portland ..... 408 Moisture (%) .... . 
Germination (%) .. 
Wt. per bu ........ 
Fat acidity (units). 
Greene ...... . Bayard ...... 1447 Moisture (%) ..... 
Germination (%) .. 
Wt. per bu .. ...... 
Fat acidity (units). 
Jefferson .... . 1325 Moisture (%) .... . 
Germination (%) .. 
Wt.. per bu ........ 
Fat acidity (units) . 
-----
*Strong and weak germination taken together. 
t lnsufficient sample. 
---
1 
14 .2 
0 .0 
55 .2 
13 . 3 
9 . 0 
56.9 
30 .3 
18 . 5 
0 . 0 
48.0 
215 .9 
42 . 2 
15 . 8 
0 .0 
53 . 5 
120 .9 
15 . 3 
11.0 
51.9 
67 . 8 
11 . 5 
76 . 0 
57 . 6 
30. 0 
16 . 0 
54 . 2 
187 . 5 
Position within bin in successive foot intervals from the top 
--------------------------- Observations on corn 
2 3 ~ 5 6 7 8 9 10 ' within bin 
---------------------
13 . 8 13.0 12 . 6 12.6 13 . 1 13 . 0 12 . 5 12 . 8 13 . 0 Corn slightly damp, musty in 
1.0 3.0 44 .0 80 . 0 67 . 0 . .. t 82 .0 70 .0 small area on top. 
55.1 56.6 56.2 57.5 59.1 57 .8 57.6 . . .. 56 .9 
13 .3 13 .8 13.0 13.4 13 . 8 13.0 13 .5 12 .9 13 . 1 Corn in good condition. 
19 . 0 25 .0 23 .0 30 . 0 33.0 59.0 58.0 69 . 0 71.0 
55 . 1 55 .5 57 .0 .... 54.6 56 .9 56.4 56.3 
34.1 29 .8 40 .2 42.4 .. . . 36 .3 27.8 .. .. 29.2 
15 . 6 13 . 8 13 . 9 13 .9 14 . 1 14 .5 14.4 14 .4 14 . 1 Corn damp, hot to 3 ft. depth 
0 . 0 1.0 1.0 1.0 2 .0 6.0 31.0 26.0 63 . 0 with mold development 2 It. 
52 . 6 54 . 8 56 . 2 56 .4 57 . 1 56 .0 55 . 7 55 . 9 .. . . below the surface. 
148 .2 82 . 0 .... . . .. . ... .... .... . . .. .. . . 
.... 43 . 8 . ... .... .... . ... .... .... .... 
14 . 5 13 .4 13 . 1 13 . 2 13.5 13.3 13.6 13 . 1 12.9 Slightly damp on surface, in an 
1.0 0 . 0 21.0 55.0 77 . 0 83 . 0 81.0 80 . 0 90.0 area 3 ft. in diameter and 6 in. 
56 .0 57 . 5 59 . 1 57 .4 58 . 1 57 . 6 57 . 7 56 .8 57 . 5 in depth. 
133 .9 63 . 8 41.4 34 . 6 36 . 1 34.8 36.1 31.1 35.8 
13 . 6 13 . 2 13 .6 13 .6 13 .0 13 .0 12.9 13 . 1 12 .0 Corn slightly damp on top 
1.0 1.0 2.0 12 . 0 62 . 0 51.0 68 .0 83 .0 86 .0 central area. 
55 .0 54 . 7 54 . 2 54 . 2 .... 55 . 2 .... .... . ... 
51.2 49 . 7 42 . 3 43 . 5 .... .. . . ... . .... . ... 
13.4 11 . 9 12 . 1 12.1 11 . 7 12 .2 12 .5 11 . 8 11.4 Corn in good condition. No 
90 . 0 85 . 0 84 .0 89 . 0 82 .0 62.0 84 .0 90 . 0 mustiness detectable. 
56 . 7 58 . 3 58.3 58 .2 57 .8 58.1 55 .6 58.1 59 . 1 
29 . 5 24.2 29 .6 33 .2 25 . 8 26 .0 44 .5 38 . 8 23 . 5 
13 . 8 13 . 5 13 .4 13 . 3 13 .4 13 .4 13 .2 12 .8 . 12 . 8 Corn musty. hot, moist in 
58); 6 .0 7. 0 57 :i 28 .0 45 . 0 75 .0 upper 2 fti % surface area with 58 .3 57.8 58 . 9 57 .8 57.7 57 . 8 mold development. 
163 . 2 105 .3 115 .0 64.0 106 .0 34.5 51.1 40 .0 .... 
_. 
- - - --
t-:l 
0":> 
o 
"-
To ble 1 ( continued). 
Location 
_ P~''''I w'ilim "" ill ,-.~ '00' '0"""" ,roT' '"'1_1 Observations on corn 
County -I Bin Determinations Town no. 1 2 3 4 5 6 7 8 9 10 within bin 
Scranton . .... 1025 Moisture (%J ..... 14 .3 13 .2 12.5 12.2 11 . 7 13.4 12 . 1 11.7 11 . 7 11.8 Upper 18 mches musty over 
Germination (%) .. 1. 0 ... . 16.0 81.0 81.0 88.0 93 . 0 88.0 81.0 83 .0 % surface area. 
Wt. per bu .. ...... 51.0 54 . 7 57.8 57.4 57.9 57.4 57 . 8 57.6 
Fat acidity (units). 66 . 2 33.2 32 .8 30 .3 25 . 7 35 . 9 57.8 57.6 
SCranton ..... 1 1214 1 Moisture (%) ..... 14 . 5 13 .4 12.4 12 .2 11. 7 12.1 11.5 10.5 110.7110.31 Corn in apparently good con-
Germination (%) .. 2 .0 8.0 58.0 61.0 82.0 86.0 79 . 0 90.0 90 0 79 . 0 dition, except small area in cen-
Wt. per bu ........ 54 .4 56.9 59 . 1 58 .8 57.1 57.5 58 . 0 58.2 57.3 ter on surface which was damp 
and musty. 
Hancock ..... f Crystal Lake .1 421 1 Moisture (%) ..... 15. 8 14.4 13.4 13.6 13 . 6 Top 2 ft. had been stirred, 
Germination (%) .. 7.0 1.0 29 .0 70.0 51.0 corn appeared in good con-
Wt. per bu ........ 53 .2 55 . 3 55.9 57 .2 55 . 2 dition : 
Fat acidity (units). 72 .0 54.6 30 .0 29.3 30.1 
Crystal Lake .1 422 1 Moisture (%) ..... 17.8 13.7 13 .4 13.4 13 .8 13 . 8 13.4 13 . 0 13 . 2 12 . 7 Upper 2 ft. layer over % sur-
Germination (%J .. 3 .0 56.0 78.0 84 .0 64 . 0 74 .0 face area showed extensive 
Wt. per bu ........ 49 .0 53 . 7 55 . 1 54.7 54 .8 56 .5 56 .5 57.6 56 .8 58 . 1 mold development. Hot to 4 t-:l 
Fat acidity (units). 236 . 8 158 .8 149 .4 118.1 90 .5 39.2 38 .4 36.4 44 . 3 40 .2 ft. depth. 0> 
Temperature (0C). 38.3 32 .8 ~ 
Crystal Lake .1 439 1 Moisture (%) . .... 15 14 .0 13 .7 13 .6 12 .4 14 . 0 14 .2 14 .3 14 . 6 14 .3 Mold development in uroper 
Germination (%) .. 2 .0 2 .0 31.0 60.0 81.0 84.0 80 .0 69.0 71.0 272 ft . Corn warm on sur ace. 
Wt. per bu ........ 52 .3 53 .4 55 . 1 56 . 6 56 .4 56 . 1 56 .5 58.2 55 .9 55 .9 
Fat acidity (units). 158 .8 110 .9 79 . 1 34 .7 33.5 25 .2 21.7 26.2 24.7 25 . 8 
Temperature (OC). 30.6 25 .6 
Crystal Lake .1 652 1 Moisture (%) ..... 16 .8 14 .0 13 .0 13.2 13 .4 Damp, musty area with blue 
Germination (%) .. 8.0 31.0 mold over :J4' of surface ex-
Wt. per bu ........ 51.7 55 .9 56 .8 58.0 52.4 tending 2 ft . in deptb. White 
Fat acidity (units). 134 .0 60.8 52.0 38.2 31.9 mold on outer edges. 
Crystal Lake .1 654 1 Moisture (%) ..... 18.9 14 .0 14 .6 13 . 6 14 .0 14 . 0 14 . 2 14.6 14 . 6 14 .3 Mold develo~ment over entire 
Germination (%) .. 4.0 19 . 0 58 . 0 49.0 51.0 surface 2% t. in depth. Hot. 
Wt. per bu ........ 46.8 53 . 9 55 . 1 56 .5 57.2 54 .6 55 . 1 55.2 Bin %: filled. Corn shipped as 
Fat acidity (units). 273.0 155 .0 144 . 0 75.2 53.9 70.5 49 .2 42 . 1 45.8 musty, No.4 yellow. 
Temperature (0C). 38.9 35.0 33.3 30.6 
Duncan ...... 1 318 1 Moisture (%) ..... 15 .2 13 .7 13 . 7 13 . 2 13.8 12 . 9 12 .7 12.1 11 . 8 11.9 Damp, warm and molding in 
Germination (%) .. 4.0 23.0 31. 0 58 . 0 86.0 85.0 85.0 74.0 91.0 upper 2 leet. 
Wt. per bu ........ 54 .3 54.3 56 . 1 56 .7 56.4 56.7 56 .9 57 . 5 57.1 57 .8 
Fat acidity (units). 68 . 0 58.4 44 . 6 42 .2 41.5 35.0 30.2 31.3 38.0 26.8 
Temperature (0C). 32.8 26 .7 23.9 
Table 1 (continued). 
Location I I Position within bin in successive foot intervals from the top - I Bin Determinations ------------------------------ Observations on corn~ 
County Town no. 4 6 8 9 10 within bin 
------------------------
Garner. . . . . . . 394 Moisture (%) ..... 19 . 1 15.4 15 .2 15.2 15 . 3 13 . 6 14.1 14.5 14.4 14.0 Corn hot to 4 ft. depth, mois-
Germination (%) •. 3.0 12.0 22 .0 28 .0 18 . 0 ture condensed on roof, corn 
Wt. per bu .. ... ... 45.6 51.6 53.6 53.2 53.2 54.6 56.0 55 .9 55 . 9 germinated at edge of bin. 
Molds developing. 
Hayfield ..... 1 337 1 Moisture (%) .. . . . 17 . 8 14.4 13 .4 13 .4 13 . 3 No mold development. High 
Germination (%) .. 15.0 39 . 0 48.0 moisture in upper 2 ft. over 73 
Wt . per bu .. . ..... 51.9 53 . 6 54 .9 55 . 2 53.7 surface area. 
Fat acidity (units). 13: . 7 74 . 2 39.0 28 . 9 30 .2 
Winnebago . .. 1 Buffalo Centerl 333 l Moisture (%) ... .. 14.1 13.2 12 . 7 12 .4 13.2 Corn appeared in fairly good 
Germination (%) . . 0 .0 0 . 0 19 .0 48.0 69 . 0 condition with some local 
Wt. per bu ........ 56.5 55 . 0 56.2 57 . 7 58.1 molded corD along outside 
Fat acidity (units). 103 . 2 90 . 9 45 . 6 30 .4 39 . 5 edges. 
Worth ....... 1 Joice ......... 1 143 1 Moisture (%) .. ... 16.3 13.2 12.7 13.0 13 .4 Damp area 8 ft. in diameter, ~ 
. Germination (%) .. 2.0 0.0 0 .0 5 . 0 14 .0 warm at 2 It. depth level. m Wt. per bu ........ 51.4 55 . 8 56.0 56 . 7 55 .9 ~ 
Fat acidity (units) . 141.7 61.0 48 . 1 35.7 47.5 
Joice ....... . . 1 145 Moisture (%) . .... 15 .9 13.2 13 .0 13.2 13.4 Blue-eye corn developed in 
Germination (%) . . 16.0 11.0 23.0 27 .0 47.0 upper 1 ft . layer. 
Wt. per bu ........ 54.3 56 . 6 57 .5 59.9 57.9 
Fat acidity (units). 75 . 4 44 . 0 32.4 28.8 30.7 
Hanlontown .. 1 13 1 Moisture (%) . . ... 19 . 1 12 . 5 12.4 12 .5 12.3 
Germination (%) .. 0 . 0 0.0 0.0 0.0 8 .0 
Wt. per bu ........ 45 . 3 55.9 55.6 55 . 1 
Fat acidity (units). 309 . 5 89.1 53 . 1 51.6 
Northwood ... 1 85 1 Moisture (%) ..... 17 .4 13 . 0 12 . 7 13.0 /13.2/ Damp in central area 8 [to in Germination (%) .. 0 .0 0 . 0 2 . 0 19 . 0 57 . 0 diameter, and 1~ ft. in depth . 
Wt. per bu ........ 51.9 56.6 56.4 55 .9 58.7 Blue-eye corn developed. 
II 
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SUCCESSIVE FOOT INTERVALS DOWN THE CENTRAL POSITION OF THE liN 
MOI&TU/<f: PERCENTAGE: AT PoslTloN '5: "'1-3.G PERCENT _ _ __ , '" 13.6 PEJa::ENT _ _ 
E1ig. 1. Moisture content, germinability 108S and fat acidity of corn at different 
positions within two groups of bins having hi gh and low moi sture . Th e hi gh-mo isture 
bins were those containing corn with 13 .6 percent or more moisture at position 5; the 
low-moi sture bins were those containing corn with less than 13.6 percent moisture at 
position 5. August·September 1941. 
of the bin. Those containing 13.5 percent moisture or less in 
bin position 5 constituted one group, and those containing more 
than 13.5 percent moisture at this same position constituted a 
second group . rfhe mean values for moisture, fat acidity and 
loss of germinability for each of the two groups of bins at each 
of the 10 positions within the bin, numbered from the top to the 
bottom, are presented. 
As may be seen from fig. 1, the moisture content of the corn 
for the two groups of bins graded sharply upward at bin posi-
tions 2 and 1. Below this region the moisture content assumed 
a fairly constant low level with but slightly lower values at the 
greater depths. Uniformly higher moistures prevailed at the 
different bin positions in the higher moisture group of .bins. 
While these moisture values represent the findings of the 
August-September 1941 period, they do not necessarily represent 
the moisture values during the immediate summer, spring and 
winter period preceding this examination. Corn moistures 
within the bins are not necessarily constant values, but fluctuate 
with atmospheric temperature and humidity conditions through-
out the year1. Corn in bin positions 1 and 2, position 1 more so 
than position 2, is most subject to losses of moisture during the 
1Personal communication of unpublisb ed data by W. V. Hukill, Bureau of Plant 
Industry, Soil s a nd Agricultural Engineering, U.S.D.A., an d resident coll aborator , 
Iowa Agricultural Experiment Station. 
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summer and fall periods and to gains of moisture during the 
winter and early spring. Changes in moisture of as much 
as 1.0 percent or more can be expected. In contrast, thfl corn in 
the lower positions in the bins shows only slight gradual fluctu-
ations over these same periods. From these considerations, 
therefore, one might infer that the moisture values found at bin 
positions 3 to 10, inclusive, are approximately those which pre-
vailed during the preceding 10-12 months, while those a,t posi-
tions 1 and 2 are not. 
'l'he losses in corn germinability sustained over the Pflriod of 
bin storage were progressively greater from the lower toward 
the upper regions of the bins. Such losses occurred in both the 
high and the low-moisture corn groups. Complete, or nearly 
complete, germinability losses occurred in the uppermost 2 feet 
of corn whel'f~ higher moistures and mold development were 
present. 'l'he losses at bin positions 3 to 10, where there was only 
slight to no upward gradient in corn moistures, suggest that the 
position which the corn occupied within the bin had some in-
fluence on these losses. In the lower moisture group of bins, 
greater losses occurred at bin positions 3, 4 and 5 than at any of 
the lower levels, even though the moisture and fat acidity of 
the corn at these positions were approximately the same as those 
lower down. In the high-moisture group of bins, the ger-
minability losses and fat acidity increases were' progressively 
lower toward the bottom of the bins from positions 3 to 10. 
Fat acidity showed trends to higher values from the lower 
toward the upper regions within the bins in much the same way 
as moisture and germ inability losses. The fat acidities were ap-
proximately the same for the low and the high-moisture corn 
groups in the lower half of the bins, but were divergent in the 
upper half. In the low-moisture corn group the fat acidity values 
paralleled those of moisture, being higher as the moisture content 
was greater toward the upper regions. In the high-moisture 
group of bins the values graded upward more abruptly than did 
the moisture content of the corn, presumably because the mois-
ture content was sufficiently high to support rapid fat acidity 
changes. 
Very high fat acidities developed in the upper surface foot 
where the molds grew on the corn. A direct relationship was 
evident in this region among the test weight per bushel, moisture 
content and the fat acidity of the corn (fig. 2). A laboratory 
study of this interrelationship, using pure cultures of different 
molds, has been reported (8). 
'fhe interrelationship between the moisture content and the 
germinability losses of the corn at the different locations within 
the bins are presented in another way, as shown in fig. 3. The 
germina bility losses for all the bins were grouped according to 
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Fig. 2. Relation between fat acidi ty, weight per bushel and percentage moisture 
of corn in the upper foot region of bins, August and September 1941. 
the position the corn held within the bins and its moisture con-
tent at that position. A.s may be seen from the figure, corn with 
14.1-15.0 perc~mt moistures suffered germinability losses of from 
50 percent at the bottom of the bins to near 100 percent in the 
upper 4 feet. Corn with 13.1-14.0 percent moistures sustained 
correspondingly lower losses at these same bin positions. The 
germinability losses varied from approximately 30 percent in the 
lower 4 feet to nearly 100 percent in the upper 3 £e€t. . 
Corn with 12.1-13.0 p'ercent moistures showed germinability 
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Fig. 3 . Mean p er centage germinability loss of corn of different moi sture contents 
at different cent ral positions wi thin 22 bins, Au gu st ·September 1941. 
losses in the upper 5 feet only. In this region, the losses graded 
abruptly from nearly 15 percent at position 6 t o nearly 100 
percent at position 2. A. few corn samples of 12.0 percent and 
lower moisture content, which were found at different positions 
within the bins and not represented in fig. 3, showed high ger-
min ability whether located at the upper surface or at some lower 
depth. 
While a portion of the germinability losses occurred during 
cr ib stor age of Mr corn, t he greatest portion occurred during 
bin stor age of the shelled corn. The nearly complete loss of 
germinability in the upper 2 feet of corn was doubtless associ-
ated with the high moistur€s prevalent there. The pr ogressively 
lower losses sustained at the lower depths are not so clearly re-
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lated to the progressively lower corn m6istures present at these 
depths, since the moisture varied a small fraction of 1 percent 
at most. The direct participation of micro-organisms in causing 
these losses appeared improbable except in the upper surface 
2 feet of moist corn since the losses in germinability at the lower 
depths were entirely out of the region of visible micro-organism 
activity. Germinability tests of the corn from the lower bin 
levels were not accompanied by extensive mold growth on the 
germinating kernels as was always the case with corn taken from 
the immediate vicinity of the molded areas. 
RESULTS OF THE 1942 BIN EXAMINATIONS 
A second selection of bins for examination was made in late 
March 1942 in Cerro Gordo, Hancock and Hamilton counties. 
'l'he purpose of this early examination was to determine whether 
or not mold growth and deterioration would occur over a single 
winter period. Only bins containing some corn with 13.5 percent 
or more moisture at the time of filling were selected. These bins 
had been filled in the fall of 1941 with corn produced in 1939 and 
1940. The 1941-42 winter had been mild with above-normal 
temperatures. 
Of the 22 bins examined, 16, or approximately 73 percent, 
showed a molded, heated top layer extending across two-thirds of 
the bin diameter and approximately 6 inches deep. 'rests of the 
samples from 21 bins revealed lower but similar losses in ger-
,. 
17 
Ie 
MOISTURE 
PEI2CENT 
100 
eo 
GERMINABILI TY 
LOSS 
PE:gCENT 
FAT ACIDITY 
UNIT::' 
5 5 ~ 
SUCCESSIVE .. OOT INTERVALS DOWN THE CEN'1'RAL POSITION OF THE: liN 
MOISTUR.E: PERc.I:NTA<jE: AT Po':>ITlON 5; "? 13.G PE.RCE:>JT--- -,,(,13.6 PCR.CI':.NT -
Fi g. 4. Moisture conte nt., genuin a i.Jility loss anti Cat a.cidity of COl'1l nt different 
position s within two groups of bins havin g high and 101\' moi sture . r h e high·moisture 
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TABLE 2. SUMMAny OF ANALYSES MADE ON conN IN COMMODITY cnEDIT conpORATION STEEL BINS IN CERRO GOnDO, 
HAMILTON, HANCOCK AND WnIGHT COUNTIES, IOWA. MAnCH 25 ·26 , 1942. 
Location 
.- I Bin I Determinations -- - - - - ----------1--1--
1 
Observations on corn 
__ C_o_u_n_tY __ 1 Town ~ 1 _2 __ 3 __ 4_1_5 _ _ 6 _ _ 7_1_8 _ _ 9 _ _ 1_0_ within bin 
ClearLake ... 374 Moisture (%1.. .. 16 .3 16 .0 15 . 2 14.9 14 .8 15 .2 14 . 3 14 .0 13 .3 13 .8 
Germination (%) . 27 . 5 42 . 5 54 . 0 54.5 53 .0 52 .5 57 . 5 62 . 5 68 .5 72 . 5 
Cerro Gordo. 
Position within bin in successive foot intervals from the too 
No visible mold development, 
corn damp in upper 2-foot 
Rockwell. 355 
Rockwell ..... 356 
Hamilton . ... 1 Blairsburg . ... 526 
Blairsburg .. 530 
Blairsburg . . .. 534 
*M=musty. N=normal. 
Temperature (0C) . 14 .2 33 . 0 5 .0 5 .0 
Moisture (%) ..... 16 . 8 
Germination (%) .. 21 .0 
Temperature (OC) . 10 .5 
Moisture (%) ..... 21 .2 
Germination (%) .. 12 .0 
Temperature (0 C) . 15 . 5 
Moisture (%) . .. . . 
Germination (%) .. 
Wt. per bu. (Ibs.) .. 
Total damage (%) 
Blue eye (%) .... . 
Grade .. 
Odor* . .. . ...... . 
Fat acidity (units) . 
Temperature (0C) . 
Moisture ( %) ..... 
Germination (%) .. 
Wt. per bu. (lbs. ) . 
Total damage (%) . 
Blue eye (%) . 
Grade . . ... ...... . 
Odor ............ . 
Fat acidity (units) . 
Temperature (OC) . 
Moisture (%) ..... 
Germination ( % ) .. 
Wt. per bu. (lbs.) . 
Total damage (% ) . 
Grade .... . 
Odor ......... . . . . 
Fat acidity (units) . 
Temperature (OC) . 
19 . 5 
5l.0 
8 .3 
2 .0 
SY 
M 
58 .9 
12 . 0 
16 . 0 
83 .5 
No 
l.7 
o 
3Y 
N 
41.8 
11 .0 
17 . 5 
76 .0 
53 .5 
3 .5 
3Y 
N 
38 . 7 
13 .0 
14 . 5 
39 . 0 
15 .2 
13 .5 
15 .2 
69 .0 
55 . 5 
6 . 2 
o 
3Y 
N 
40 .3 
13 .4 
89 . 5 
No 
2 . 3 
o 
lY 
N 
31.8 
14 . 5 
87 . 5 
2 .4 
2Y 
N 
31.8 
13 . 5 13 .5 13 .3 13.8 13 . 5 
44 .5 43 .0 43 .5 47 .0 63 . 0 
3 . 0 3 .0 3 .0 
13 .8 14 . 7 13 .2 12 . 8 13 .0 
14 .0 23 . 5 26 .5 24 . 5 32 .0 
3 .0 2 . 5 2 .0 
14 .2 14 . 3 14 .0 14 . 3 14 .3 
77 . 5 86 .0 58 . 5 7l.5 69.0 
... 54 . 5 56 .0 
2 .4 2 . 2 3 .0 3 . 0 2 .8 
00000 
2Y 2Y lY 2Y 2Y 
N N N N N 
40.2 36 .3 35 . 5 28 . 7 39.1 
7 .0 5 . 5 5 .0 
12 . 5 
90 .0 
57 . 5 
l.8 
o 
lY 
N 
28 . 7 
6 . 0 
13 . 8 
74 . 5 
55 .5 
2 .0 
lY 
N 
27 . 1 
5 .0 
12 . 7 
84 . 0 
58 . 0 
2 . 2 
o 
lY 
N 
40.2 
14 .0 
85 .0 
2 . I 
lY 
N 
23.6 
12 . 8 
85 . 5 
No 
2 . 0 
o 
IY 
N 
30 . 6 
6 .0 
14 .3 
78 .0 
1.7 
2Y 
N 
22 . 2 
5 .0 
13 .0 
94 .5 
57 . 5 
2 .4 
o 
lY 
N 
30 . 7 
14 .0 
44 . 5 
2 .3 
IY 
N 
46 . 2 
13.3 
88 .5 
No 
2 . 6 
o 
lY 
N 
27 . 7 
5 .5 
13 . 8 
52 . 5 
55 . 5 
1.8 
IY 
N 
37 .6 
4 . 5 
13 .3 
63 .5 
13 .3 
35 .0 
13 . 6 
64 .0 
56 . 5 
2 .8 
o 
IY 
N 
33 .8 
13 .4 
81.5 
57 .0 
2 .2 
o 
IY 
J'I 
25 .6 
13 .4 
57 . 0 
1.5 
IY 
N 
28 . 8 
13 .3 
59 .0 
13 . 5 
47 . 5 
13 .4 
63 .0 
2 .5 
o 
IY 
N 
37 . 1 
13 .3 
83 .5 
58 .0 
3 .0 
o 
lY 
N 
41.8 
13 .8 
68 . 0 
56 . 5 
1.8 
IY 
N 
32 . 2 
13 .0 
76 .0 
13 .5 
52 . 0 
13 .4 
60 .0 
2 . 6 
o 
IY 
N 
33 . 7 
13 .3 
91.5 
58 .0 
3 .0 
o 
IY 
N 
22 . 2 
13 . 5 
64 . 0 
1.6 
IY 
N 
40 . 7 
layer. 
Some mold development, corn 
damp in upper I-foot layer. 
Mold development in area 8 
feet in diameter, 1 foot deep. 
Development of blue molo. 
Corn damp and "caked" in 
upper 2-foot layer. 
Slight mold development. Corn 
damp in upper I-foot layer. 
Development of blue mold. 
Corn damp and caked in upper 
I-foot layer. 
~ 
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Table 2 (co ntinued) 
Location 
Bin Determinations ---
County Town no. 1 
Blairsburg .... 535 Moisture (%) ..... 18 . 1 
Germination (%) .. 53 . 5 
wt. per bu. (lbs.) . 50 .0 
Total damage (%). 8 .8 
Blue eye (%) ..... 4 .0 
Grade ..... "" ... 3Y 
Odor ............. M 
Fat acidity (units). 95 . 9 
Temperature (OC). 11.0 
Blai rsburg .... 536 Moisture (%) ..... 14 .6 
Germination (%) .. 85 .5 
Wt. per bu . (lbs.) . 
Total damage (%). 1.8 
Blue eye (%) ..... 
" £y Grade ........... 
Odor .......... " . N 
Fat acidity (units). 39 .8 
Temperature (Oe). 13 .5 
Kamrar ...... 1142 Moisture (%) ..... 17 .6 
Germination (%) .. 72.0 
Wt. per bu . (lbs.) . 52 .0 
Total damage (%). 42 .6 
Blue eye (%) .. . .. 40 .0 
Grade ..... ....... SY 
Odor ............. M 
Fat acidity (units ). 91.3 
Temperature (Oe). 13 . 0 
Kamrar ..... . 1143 Moisture (%) ... .. 16 .9 
Germination (%) .. 55 .0 
Wt. per bu . (lbs.) . 54 .0 
Total damage (%). 11 .6 
Blue eye (%) ..... 9 . 0 
Grade ............ SY 
Odor ............. M 
Fat acidity (units). 86 .5 
Temperature (Oe) 16.0 
Position within bin in successive foot intervals from the top 
------
-----_._-- ---
------
2 3 4 5 6 7 8 9 
------------
---
---------
14 .8 13 . 8 13 . 6 13.8 14 .2 13 . 9 12 . 9 13 .6 
79.5 74 .0 80 .5 78.0 64 . 5 77.0 84 .5 82 .5 
54 .0 55 . 5 55 .0 54 .0 55.0 55 .0 54 . 5 
4.5 2 .7 2 .5 2.6 3.5 4 .7 3. 0 2. 8 
2.0 
" IY 
0 .3 0 .3 
. '1\; 2Y lY lY 2Y 2Y lY 
N N N N N N N N 
36 .4 43 .9 39.3 39.7 48 .0 57 . 9 58.8 34 . 9 
.... 6 .0 5 . 5 .... 4 . 5 .... .... 
13 . 8 13 . 6 14 .0 14 .0 13.9 13 . 9 13 .8 13.3 
78 . 5 76 .5 66 . 5 71.5 71.5 66 .0 64 .5 63 .0 
755 . 5 56 .0 
'3:5 56 .0 57 .0 1.5 2 .0 3.0 3.8 3.5 3 . 6 3 . 5 
"2'y 0 . 6 '2'y '2Y lY lY 2Y 2Y 2Y 
N N N N N N N N 
26.0 31.3 56 . 1 89 . 5 52.2 80 . 8 36 . 0 49 . 1 
.... 5.0 .. .. 5.0 .... 4 .0 .... . ... 
13 . 6 13 . 1 13 . 1 13 .6 14 .0 14 . 1 14 . 1 13 . 8 
89.5 81. 0 77 .5 83 .5 80.5 83 . 5 84 . 5 
57 . 0 57 .0 57 . 0 56 .0 56 .0 56 .0 56.0 56 .0 
3 .4 2 .3 2 . 8 4 .4 2 . 7 3.3 3.5 3.3 
2 . 6 0 .2 0 2 .6 0 0 0 0 
2Y lY lY 2Y lY 2Y 2Y 2Y 
N N N N N N N N 
35. 3 36.2 40.1 37 .8 29 . 1 34.8 31.6 26 .6 
.... 6 .0 . ... 4 .5 .... 3.5 .. . . .... 
14 .5 13. 8 13 .9 13.9 14.0 .... .... .... 
79.0 80 . 5 83.0 84 .5 .... .... ... . .... 
56.0 57.0 57.0 .... .... .... .... 
3.0 3.4 3.0 2.7 .... .... .... .. .. 
1.6 
. 'l'y .... .... . ... .... 2Y 2Y lY .... .... .... . . . . 
N N N N . ... .... .... . ... 
30 . 5 39 . 2 29 . 7 40 .7 .... .... . ... .... 
.... 11 .0 . ... 9.0 .... .... .... .... 
---
10 
14 .2 
71.5 
3. 0 
2Y 
N 
47.4 
. ... 
13 .4 
75 .0 
4 .0 
2Y 
N 
45.4 
. ... 
13 . 8 
81.5 
3 .0 
0 
lY 
N 
32.2 
... . 
.... 
. . .. 
.... 
.... 
. ... 
. ... 
.. .. 
.... 
.... 
Observations on corn 
within bin 
Mold development in upper 
lO-inch layer. Corn very damp 
and starting to "cake," involv-
ing % of area. 
Some mold development. Corn 
damp. 
Development of blue mold . 
Corn damp in upper I-foot 
layer. 
Development of hlue mold. 
Corn damp and "caked" in 
~ft:,'d~ 6-inch layer. Bin Y:! 
t-:) 
m 
~ 
'r able 2 (continued ) 
Location 
Bin Determinations ---
County T own no. I 
Stanhope ..... 914 Moisture (%) ..... 17 .5 
Germination (%) .. 64 .0 
Wt.r;r bu. (Ibs.) . 54. 5 
T ota damage (%). 5 .6 
Blue eye (%) ..... 3.3 
Grade ............ 3Y 
Odor ............. N 
Fat acidity (units). 75 . 1 
Temperature (CC). 16 .0 
Stanhope ..... 916 Moisture (%) ..... 16 .5 
Germination (%) . . 55 .0 
Wt. per bu. (Ibs.) . 53. 0 
T otal da mage (%) . 6 .8 
Blue eye (%) . _ ..• 4 .5 
Grade . . .. . ..... . . SY 
Odor ........... .. M 
Fat acidity (units). 59 .0 
Temperature (cC). 13. 0 
Sta nhope ..... Q33 Moisture (%) .... . 17 .0 
Germination (%) .. 67 .0 
Wt. per bu. (Ibs.) . 53 . 5 
Total damage (%). 2. 6 
Grade ......... _ .. 3Y 
Odor ............. N 
Fat acidity (units). 33 . 2 
Temperature (CC). 18 . 0 
Sta nhope ..... 934 Moisture (%) ..... 17. 6 
Germination (%) .. 74 . 0 
Wt. per bu . (Ibs.) . 52 . 5 
Total damage (%) . 2 . 0 
Grade ............ 4Y 
Odor ............. N 
Fat acidity (units). 30 .4 
Temperature (CC). 20 .0 
H ancock ..... Britt ...... _ .. 343 Moisture (%) ..... 17 .0 
Germina tion (%)' .. 54 . 5 
Temperature (CC). 8 . 0 
Position within bin in successive foot intervals from the top 
------ - - - --- - - - --- ------
2 3 4 5 6 7 8 9 
---------- - - ------------
15. 7 14 .3 14 .0 13. 9 13.2 13.3 13 .3 13.3 
70 .0 54 . 5 55 .5 61.0 74 . 5 61.5 60 .5 72 . 0 
56.5 56 .5 56 . 0 55 .5 56 . 5 57. 0 57 . 5 
2 .8 2 .3 2 .0 2 . 2 2 . 1 1. 8 2. 0 2.4 
1.7 
"£y " IY " IV 
.. 
. 'l'y " I'y 3Y IY l Y 
N N N N N N N N 
35 .2 35 .6 30 .8 28. 9 23. 1 25 .8 25. 8 21.4 
.... 8. 0 . ... 5 .0 .... 4 . 0 . . . . .... 
14 .2 12.8 13. 0 13. 1 .... .... .... . ... 
72. 0 75 .0 70 .0 73. 0 .... .... .. . . . ... 
55 . 5 55 . 5 56 .5 56 .5 .... .... .... . ... 
2. 6 2. 0 1.7 1.9 .... . ... . ... . ... 
0 .2 
" IY . 'I'y 
.... .... . ... . .. . 
2Y IY . . .. .... .... . . .. 
N N N N .... . ... .... . ... 
41.8 31.9 27 . 6 28 . 1 .... ... . .... . ... 
.... 13. 0 . ... 9 . 0 .... .... . ... .... 
12.7 12 . 0 11.9 11 . 5 10 . 7 10.4 10 . 6 10 .4 
84 . 5 84 .0 89 .0 97 . 0 97 . 0 95 .5 95 .0 97. 0 
56 . 5 56 . 5 56 . 5 57 . 0 57 . 5 57 .5 57 .5 58 .0 
2 .0 1.7 2 . 1 1.8 1. 5 2 .4 1.8 1.6 
IY IY IY IY IY IY IY IY 
N N N N N N N N 
23. 2 31.6 31.0 29 . 6 29 .9 24 .4 28 . 1 28 . 7 
.. . . 10 .0 .... 8 . 0 . . .. 7 .0 . ... . ... 
13. 1 11 .9 11 .4 11 . 5 10 .9 10 .3 11. 3 11.3 
96 . 5 97 .5 96 . 5 94'. 5 96 . 5 94 .0 95 .0 92 . 0 
57. 0 57 .0 56 .0 57 .5 57 .0 57 .5 57 . 0 
1.8 1.6 1.8 2 .2 1.7 1.8 2 . 0 1. 7 
IY IY IY IY IY IY IY IY 
N N N N N N N N 
27. 4 26 .6 31.4 30 .2 24 .5 24 .3 13 .4 20 . 8 
... . 11 .5 .... 10 .0 . ... 8 .0 . ... .... 
14 .4 14 .0 13 . 8 13 .9 .... ' ,' " .... . ... 
70 .5 79 .0 88 .5 80 .0 .... .... . ... 
.... 5 0 .... 4 .0 .... 2 .5 . ... .... 
--
---
10 
13 .4 
. 71. 5 
57 . 5 
3. 0 
IY 
N 
26.8 
. ... 
.. .. 
. ... 
.... 
. ... 
. ... 
. ... 
.... 
. . .. 
. ... 
10 .3 
95. 0 
1.6 
IY 
N 
24 .4 
.... 
11. 3 
92 . 5 
56 . 0 
2 .0 
lY 
N 
18 .4 
. ... 
. .. . 
.. .. 
... . 
Observations on corn 
within bin 
Development of blue mold. 
Corn damp and "caked" in 
upper 6-inch layer. 
Development of bille mold. 
Corn damp in upper 6-inch 
layer. Bin % fi lled . • 
No visible mold development, 
but t op layer of corn had been 
removed. 
N o mold development but top 
layer had been removed . 
Abundant blue mold develop-
ment. Corn damp and heating 
in upper IO-inch layer over % 
of surface area. 
~ 
-1 
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Table 2 (continued) 
Location Position within bin in successive foot intervals from the top 
Bin Determinations --- ------------------------
County Town no. 1 2 3 4 5 6 7 8 9 
------------------
------
Garner ..... . . 442 Moisture (%) . .... 23 . 0 15 .4 14 .4 14 .0 13 . 9 13 .9 13.8 13 . 6 13 . 9 
Germination (%) .. 7 . 0 24 .0 25 .5 32 .0 24 .5 59 . 0 56.5 62 .5 51.5 
Temperature ( 0C) . 12 . 5 . . . . 25 .0 . . . . 4 .5 ... . 3 .0 . ... 2 .5 
Garner . ...... 443 Moisture (%) ... .. 19.7 15 . 7 15.2 14 . 6 14 .4 13 .5 13.4 13 . 1 13.1 
Germination (%) .. 21.5 40 .5 28 .0 37 .5 43 .5 30 .0 29 .5 39 .0 37 .5 
Temperature (OC) . 27 . 0 . . .. 5 .0 . ... 4 . 0 . ... 2 .0 .... .... 
Goodell .. . .. . 58 Moisture (%) . . .. . 16 . 6 14 .0 13 . 3 13 .5 13.4 13.3 13 .5 13 .5 13 .8 
Germination (%) . . 47 . 0 54 .5 53 . 0 58 .5 60 .5 58 .5 58 .0 68 .5 77 .5 
Temperature (OC) . 3 . 5 . .. . 8 .0 .. . . 5 . 0 . ... 2 .0 .... ... . 
Goodell ..... . 448 Moisture (%) •... . 18 .8 14 .6 14 .4 14.4 14 . 0 .... .... . . . . . . .. 
Germination ( % ) .. 44 . 0 73 .0 69.5 79 . 0 59 .0 .. . . .. .. . ... . .. . 
Temperature (0C). 4 . 0 . .. . 6 .0 . ... 5 . 0 . . . . .... . . .. .... 
Wright. ..... . Woolstock . ... 3\11 Moisture (%) ... . . 18.4 14 . 2 13 . 1 13 . 1 13 .8 12 . 3 12 .6 12.4 12.4 
Germination (%) .. 4.7 85 .5 94 . 0 89 .5 88.0 88 .5 89 . 0 86.5 86 .5 
Wt. per bu . (lbs.) . 85:0 55 .5 57.0 57.0 55 .5 55 .5 Total damage (%). 3.4 3 .3 2 . 7 2 .5 1.8 2 . 0 2.2 1.7 
Blue eye (%) . .. .. 75.0 
"iy " IY " I'y " lY Grade .... . ....... SY 2Y IY lY IY 
Odor ... . ......... M N N N N N N N N 
Fat acidity (units) . 127 . 3 40 . 6 25 .5 22 .8 25 .2 23 . 7 26 .9 24 . 4 24.8 
Temperature (OC) . 11. 0 . . .. 6 . 0 . ... 5 . 0 ... . 3 . 0 .... . ... 
Woolstock . . .. 3112 Moisture ( %) ..... 16 .8 13 . 1 13.4 13 . 6 13.4 13 . 0 13.4 13 .4 13 . 6 
Germination ( %) .. 66.5 95 .0 86 .5 80 .5 86 .5 83 . 0 84 .5 86.0 87 .5 
Wt. per bu. (Ibs.) . 50 .0 55 .5 56 .0 56 .5 56 .5 56 .5 55 .5 
T otal damage (%) . 70 .0 2.6 2 .8 2 .3 2 .5 1.7 3.0 2 .8 3 . 6 
Blue eye (%) . . ... 66 . 0 0 0 0 0 0 0 0 0 
Grade ... ..... .. .. SY IY IY IY IY IY IY IY IY 
Odor .. ....... ... . M N N N N N N N N 
Fat acidity (units) . 170 .2 36 . 1 20.1 33 .2 30.3 22 . 1 36 . 9 36 .2 47 .5 
Temperature (OC) . 11 .5 . .. . 4 .0 .... 3 .5 . ... 2.0 .... .... 
---
10 
13 .5 
49 . 0 
.... 
14 .4 
47 .0 
.... 
13 .5 
74 .0 
I • •• 
. ... 
.... 
.... 
12 .4 
89 .5 
1.8 
" IY 
N 
29 .3 
.... 
13.4 
86 .5 
3 .0 
0 
2Y 
N 
37.4 
.... 
Observations on corn 
within bin 
Development of blue mold. 
Corn damp and "caked" in 
upper 8-inch layer on % of 
surface. 
No mold development, surface 
layer of corn previously re-
moved. Corn damp in upper 
6·inch layer. 
Mold development. Corn 
damp and rotting in upper 
6-inch layer. 
Development of blue mold. 
Corn damp and "caked" in 
upper 8-inch layer. 
Development of blue mold. 
Corn damp and "caked" in 
upper 6-inch layer. 
t-:l 
-1 
....... 
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minability and increases in fat acidity compared to those found in 
1941 (table 2 and fig. 4 ) . Since thc corn had been in bin storage 
only over the winter period , th ese lower losses ar€ understand-
able. Closer agreement existed at this early examination between 
gradations in moisture, g€rminability losses and fat acidity 
changes at the different bin positions than existed in the August-
September 1941 examination. When the germinability losses 
at the different positions were group€d according to the corn 
moisture content at these positions, as was done for fig . 3 of the 
preceding examination, fairly straight, horizontal lines were ob-
tained. These lines h€ld the same relative position to one another 
according to their moisture groupings as those in fig. 3. 
High fat acidities and lower bushel weights were recorded in 
the upper molded regions. 
On re-inspection of four bins 4 months later, a further slight 
lowering of the germinability was detected in the upper regions 
of three bins. 
RESULTS OF 'l'HE 1943 BIN EXAMINATIONS 
The 1942-43 winter in Iowa was generally cold, with below-
normal temperatur€s most of the time. A third set of new bins 
was €xamined during the first week in April 1943 to determine 
whether or not mold growth and deterioration would occur und€r 
these colder conditions. In Hancock and Winnebago counties 
all available bins which had been filled during the fall of 1942 
with corn produced in 1941 were examined. No s€lection of bins 
for the higher moisture corn was made in this examination, as 
such records were not available. Corn samples were removed 
for €xamination from the upper half of 12 bins. 
Of the 37 bins visited, 28, or approximately 75 percent, showed 
heated, mold-damaged corn in the upper layers as observed in 
the 1942 examination. Moisture was distributed in the 12 
sampled bins in the same mann€r as in the previous examination, 
with a maximum of 26.2 percent moisture occurring in the upper 
first-foot zone in one bin (table 3). Losses in germinability ap-
peared irregular, perhaps becauS€ of an initially low ger-
mination value of the corn when placed in the bins. This 
corn had been in crib storage during the warm winter of 1941-42 
and the warm, humid early spring of 1942. Th€se conditions 
doubtless contributed to some deterioration of the corn while in 
crib storage. 
FUNGI WHICH DEVELOPED IN THE STORED CORN 
A number of different fungi, some of which were of minor 
importance, wer€ isolated from the molded corn in the bins. The 
most important and prevalent fungi isolated over the 3 years 
were: P erllicillium palitams, P. chrysogerMbm, P. 1'1bgulosurn, 
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'l'ABLE 3. SUMMARY OF MOISTURE CON'l'ENT, GERMINABILITY AND 
TgMP1~RATCRF. Ol!' CORN IN OOM~IODI'l'Y CREDIT CORPORATION 
S'l'lmL BTNfl OF' 2,740 RUSHEI, CAPACITY I,OCATED IN HANCOCK 
,IN I) 11' 1 NtO:HIIGO COU;N'I' II':fl, [()WA. II PRTI, 6·7, 1943 . 
Position within bin 
in successive foot 
Location intervals 
Bin Determinations -------- -- Observations on 
County Town no. 1 2 3 4 5 corn within bins 
--
----
Hancock . . Britt ..... ... 297 Moisture (%) .... 22.0 14 .9 13 .8 13 . 1 12 .9 Top crust of moldy 
Germination (%). 1.0 6.0 27.0 28.0 23 . 0 corn I-ft. depth by 
Temperature (00) 27.5 11.0 ... 7.0 6 .0 4-ft. radius. 
Goodell. .... 35 1 Moisture (%) .... 18 . 0 14 .5 14 . 1 14 .5 14 .4 Top corn damp with 
Germination (%). 44 .0 20.0 26.0 32.0 30.0 mold development 
Temperature (OC) 11.0 6 .0 ... 4.0 3.0 beginning. 
Goodell ... 354 Moisture (%) .... 26.2 16 . 0 14 .7 14 . 1 14 .0 Top crust of moldy 
Germination (%). 30.0 39.0 37.0 23.0 31.0 corn 1 ft. in depth. 
Temperature (00) 20 .0 6.0 .. .. 5.0 4.0 
Goodell .... 448 Moisture (%) .... 18 .9 .... .... . ... Top corn damp with 
Germination (%). 6.0. . ... .... some mold develop-
ment. 
Klemme . ... . 243 Moisture (%) .... 17 .9 14 .5 13 .6 13 .5 13 .4 As above. 
Germination (%). 7.0 3.0 10 .015 012 .0 
Temperature (00) 20.5 ... . ... 
Crystal Lake 439 Moisture (%) . .. . 14 .9 13 . 7 13 . 1 12 .7 12 .4 As above. 
Germination (%) . 0 1.0 1.0 1.0 0 
Crystal Lake 650 Moisture (%) .... 23.0 15 .0 13 .8 13 .3 13 .4 Top crust of moldy 
Germination (%). 0 18 .0 13 . 0 18 . 0 14 .0 corn. 
Crystal Lake 651 Moisture (%) .... 21.7 16 . 1 13 .8 13 .3 12 .3 As above. 
Germination (%). 4.0 14 .0 24.0 22.0 12 .0 
Temperature (00) 6 .0 1.0 .. 0 .5 0 .5 
Crystal Lake 653 Moisture (%) .... 21.9 15 .6 12 .9 12 . 8 12 .7 As above. 
Germination (%). 0 3.0 9 .0 85.0 58.0 
\Vinnebago Woden .. .... 261 Moisture (%) .... 17 . 0 .... . ... .... .... Corn damp, no mold 
Germination (%). 6.0 .... .... .. .. ..... development. 
Woden ... .. 425 Moisture (%) .... 21.0 14 .9 14 .0 13 .7 13 .3 Top crust of moldy 
Germination (%). 9 .0 7.0 4.0 1.0 23.0 corn. 
Thompson. 404 Moisture (%) .... 23.0 15 .6 13 .0 13.1 14 .0 As above. 
Germination (%). 1.0 26.0 3.0 22.0 30.0 
Temperature (OC) 26.0 7.0 ... 3.0 1.0 
Scarville ... 509 Moisture (%) .... 23.1 15 . 1 13 .9 14 .0 14 .4 As above. 
Germination (%). 1.0 7.0 9.0 9 .0 12 .0 
Temperature (OC) 29.5 17 .0 .... 16 . 0 13. 0 
Buffa lo Center 310 Moisture (%) .... 13 .5 12 .6 12 .6 12 .7 12 .3 Good corn-no mold 
Germination (%). 38.0 3. 7 18 . 0 8.0 25.0 development. 
ASp61'gill~(,S jlaV1£s, A. canclid1~S, A. niger, A. amsteloclami, M~&C01' 
mcemosus and Rhizopus a1'rhiz~£s. Others of lesser importance 
were: Penicillit~m cyaneum, P. westlingi, P. ve1TtWOSum, Cit1'O-
myces thomi, Absiclia 1'anwsa, A. lichtheimi, Aspergillus terreus, 
A. nicl~&lans, A. repens, A. 1't£ber, A . c-hevalieri, Syncephalastn£m 
m·cemosum, Rhinotrich~£m sp., Dematium sp., Trichodm'ma sp ., 
F~~sicli~£m griseum, Fusariunt rnoniliforme, Cephalospori1tm sp., 
Gibbe1'e lLa zeae, Diplodia zecte and Nigro·spom oryzae. 
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Corn which had just passed through a winter period of storage 
ill the bins, as that examined in 1942 and 1943, revealed P C'Y/Ji-
cillittm palitans as the predominating fungus. J n many iu-
stances this fungus constituted the sole organism in the upper 
I-foot zone. Strata of other fungi were also (wident, but only 
because of the favorable conditions of moisture and temperature 
created by the development of P. palitans during the winter 
period. Thus, Aspergillus ftavus occasionally was found as a 
thin greenish-yellow band immediately below the layer of P eni-
cillium palitans, and in several instances it was responsible for 
the molding of wide areas of corn. In these instances higher 
temperatures were noted in the adjacent areas, reflecting the 
rapid heat-producing capabilities of this fungus. Aspergillus 
candidttS was found occasionally in great abundance at the outer 
edges or below these warm areas and caused a slight matting of 
the kernels. Fungi of the A. glatwt£s group frequently were 
found in the drier corn in close proximity to the mold-matted 
areas. Blue-eye corn (from which P enicillium ntgulO'su'Y/~J P. 
palitans and P. clu'ysogenwrn were isolated ) was sometimes found 
in the outer surface portion 'of the mold-matted areas, but more 
frequently in bins not showing matting or other mold develop-
ment. 
Corn which had passed through consecutive winter, spring' 
and summer periods of bin storage, like 'that examined in 194], 
supported many different fungi ramifying throughout its mold-
matted region, usually without pronounced stratification. Strata 
of individual fungi were clearly discernible in a few cases. These 
fungi included blue-eye corn, A. ftaV1tS, Penicillium spp. and 
white molds (including Aspe?'gillt£s camdid1tS, Rhinotrichum sp. 
and Oospora sp.). Species of M1WOT, Rhizop1.ts and Absidia 
frequently developed throughout the matted corn. Members of 
the Aspe1'gill1tS glauctts group were the only fungi evident in the 
drier regions immediately below and at the edges of the mold-
matted corn. 'fhe remaining fungi listed above were isolated 
from various regions in the bins during the process of picking 
off the fungus growths from individual kern els for culture and 
identification. 
PART II- LABORATORY S'fUDIES 
The results of the bin examinations reported in Part 1 revealed 
that molds were able to develop on corn under low temperature 
conditions and that decreases in corn germinability and increases 
in fat acidity occurred in corn with as little as +2 percent mois-
ture. To supplement these observations, trials were conducted 
under laboratory-controlled conditions to learn the minimum 
temperature and relative humidity requirements for the growth 
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of some of these fungi, the mllllmum relative humidity sup-
porting the molding of corn and the incidence of deterioration of 
low-moisture corn when stored in tight containers. 
MINIMUM TEMPERATURES FOR DEVELOPMENT OF THE FUNGI 
The low temperature relationships of the more prevalent fungi 
occurring in the bins were determined under agar-plate condi-
tions. The blue-eye producing fungi, Penicillium chrysogenum, 
P. palitans and P. r1~gulos1~m, developed at the minimum tested 
temperature of 0.5° C., while Aspergillus fiavus, A. candidus, A. 
niger, A. l1!mStelodami and Mucor racemosus failed to develop 
after 3 months at 9° C. Penicillium chrysogenum grew into 
large colonies after 1 month at 0.5°, while P. palitOfl1,S and P. 
1'ugulosum had just started to develop. At 9° C., P. palitans 
and P. ntgulosum developed similar colonies, but these were 
smaller than those of P. chrysogenum. After 3 months at 0.5° C., 
P. Ch1'yso>genum covered nearly the entire agar surface in the 
petri dishes while the other two fungi developed only small 
colonies. 
MINIMUM RELATIVE HUMIDITY FOR DEVELOPMENT OF THE 
FUNGI 
The minimum relative humidity limits for spore germination 
and growth of these same fungi also were determined. The 
method followed was to plant spore material (obtained from 
test-tube agar-slant cultures) on a thin film of solidified, mois-
ture-conditioned plain carrot-extract agar medium carried on 
circular microscope cover-slips, 18 mm. in diameter. This medium 
was first exposed (in sterile petri dishes) to the drying atmos-
phere of the laboratory for 1 day after its application to the 
cover-slips. The cover-slips carrying the spores were then in-
verted and sealed with vaseline over the open ends of small glass 
thimbles which were approximately 25 mm. high and 16 mm. 
in diameter (made from the closed-end portion of test tubes). 
The thimbles were charged to within 2 mm. of the rim with 
known concentrations of NaCI or CaCI? solutions for relative 
humidities of 97.5 to 70 percent, spaced at 2.5 percent intervals. 
The following were the minimum relative humidities which 
supported growth after 3 weeks at 30° C.: Aspergillus amstelo-
dami and A. candidus, 72.5 percent; A. niger, 80.0 percent; A. 
fiavus, 82.5 percent; Penicilliwrn chrysogenunt, 85.0 percent; P. 
rugulosum, P. palitans and M1wor racemosus, 87.5 percent. 
Similar results for some of these fungi have been reported by 
Galloway (4) and Heintzeler (5) . 
MOLDING OF CORN A'l' Dn~FERENT H.EI,ATIVE HUMlDl'rIES 
'l'he molding of corn at different relative humidities and 
temperatures was studied in 2-quart fruit jars. The jars were 
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supplied with various concentrations of NaCl and CaCl" solu-
tions to give a range of humiditi€s from 97.5 to 72.5 percent. 
The experiment was planned to compare the molding of two 
popular yellow-dent hybrids artificially infested with spores of 
eight different fungi isolated fr'om molding corn. The corn was 
unsterilized. Th€ temperatures 20° C., 25° C. and 35° C. were 
chosen because they represented the optimum at which certain of 
the fungi would grow. 'I.'he two hybrids 'were Pioneer 307, a 
hard, flinty-type corn, and Iowa hybrid 3553, a soft, starchy corn. 
Seed lots of each of those two hybrids containing 13 percent 
moisture were dusted with spores from one of the eight fungi, 
while another seed lot of these same hybrids was left uninfested 
as control. rl'he S€ed lots were then divided into amounts of 150 
gms. and· placed in perforated cellophane bags, 1 ~ inches in 
diameter and 6 inches long, open at the top. 'I.'hree or four of 
these filled bags were introduced into duplicate jars where they 
we:re supported on paraffined l;4-inch wire screens above the salt 
solutions (fig. 5). The jars of the 25 ° C. and 35° C. series r e-
c·eived four bags of corn consisting of a noninfested control and 
three bags each infested 'with the spores of one of three different 
fungi . 'I.'h e jars for the 20° C. series received only thre€ bags, 
on e of which was a noninfested control; the other two bags con-
tained corn which was infested with the spores of one of two 
fungi. Of th€ eight different fungi, three were tested at 35 ° C., 
another three at 25 ° C., while the remaining two were tested at 
20° C. All of th e jars were closed with 1\1ason lids in a way to 
"b'ig. 5. A se ries o( 2-Qual't fruit ,ja rs tharged with fungus spore-infested and nQU-
jnfes Led corn contained in perforated cel lophnne bags. From left to right, 97.5, 92.6, 
87.7, 82.5, 77.2 aDd 72.5 percent l'e latiye humidity. 
• 
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TABLE 4 . DAYS TO 'l'HE FIRST APPEARANCE AND THE RELA'l'IVE ABUN-
DANCE OF FUNGUS GROWTH ON INFESTED AND UNINFESTED CORN 
STOR1~D AT DIFl<TI~REN'l' REJ,A1' IVE HUMIDI'l'mS AND 
'rJ~MPER,ATUI~ES. 
Observa-
Temperature Fungus tion ------------
___ oC ___ I ____ in_f_es_ta_t_io_n ____ I __ t_im_e_ 97 .5 92 . 6 _8_7_.7 __ 8_2_.5_1_7_7_.2_1_7_2_.5_ 
Percentage relative humidity 
35 Aspergillus niger.......... 10* 12 15 25 40 50 
35 
35 
. 15 
4~ ~a:s~ .1:::t 6:::: 6:: 6: 6!t 2 
1---------11---------------
A. flav us. 
45 days 
9 mos. 
12 
.... 
6661:.6 
15 
.. 
61l6A 
17 
.. 
... 
26 
· .. 
29 
· 
· 
50 
o 
· 1---------11---------------
Penicillium sp .. .......... . 
45 days 
9 mos. 
12 16 17 
be. 6A 
A6t:.lJ. 6666A 
25 
· .. 
34 
t 
· 
52 
o 
· 1---------11---------------
None ........ . ........ . 
45 days 
9 mos. 
21 
.. 
.... 
23 
· .. 
30 
.. 
· 
40 
· 
· 
55 
o 
.. 
----1--------1---------------
25 
25 
25 
25 
Oospora sp . ...... . .. . 
45 days 
9 mos. 
19 
· .. 
25 
· 
· 
30 
· 
· 
45 
· 
· 
57 
o 
.. 
1--------1---------------
A spergilills sp. (gla1tc lIs) .. 
45 days 
9 mos. 
13 
.. 
... 
18 
· .. 
22 
· 
· 
33 
· 
· 
45 
· .. 
60 
o 
.. 
1--------1---------------
, A. amsfelodami .. .. ...... ' . 
45 days 
9 mos. 
14 
· .... 
18 
· .. 
23 
· .. 
32 
t 
· 
42 
t 
· 
62 
o 
· 1--------1---------------
None ................... . 
45 days 
9 mos. 
20 
· .. 
25 
· 
· 
31 
t 
" 
47 
o 
67 
o 
t 
-----1--------1---------------
20 
20 
20 
Penici llium chrysogenum ... 
45 days 
9 mos. 
19 
· ... 
20 
.. 
.. 
23 
· .. 
35 
t 
· 
48 
o 
58 
o 
t 
1---------1---------------
Penicilli1em sp .. ..... . .... . 
45 days 
9 mos. 
None .. . .... . .. • ... ..• .. '[ 45 days 
9 mos. 
18 
· .. 
19 
· .. 
23 
· 
· 
40 
t 
.... 
50 
o 
· 
68 
o 
*r!'ime in duys when fungus growth was first visible. 
tRelntive abundance oC fun gus growth. 
:j:r race--fungu s growth barely vis ible on a, few kern els. 
permit some air exchange. This was done by turning the lids 
gently against the rubber rings around the neck of the jars. 
The number of days between the start of the experiment and 
the first appearance of mold growth on Pioneer hybrid 307 is 
tabulated in table 4 and plotted in fig. 6. Similar results, not 
presented, were obtained for Iowa hybrid 3553, except that the 
fungus growth appeared on this corn a day to several days 
earlier and usually was more luxuriant. As may be seen from 
fig. 6, mold growth appeared within 10-20 days at 97.5 percent 
r.h. and within 50-72 days at 72.5 percent r.h. at the three tem-
peratures tried. The number of days which were required for the 
'0 
.. 
u 
c 
~ 
o 
.. 
Q. 
Q. 
o 
.. 
... 
o 
o 
~ ) 10 A"' PERGILLU~ NIC;CR. 
~o 
control 
40 ~ 1\ 
30 /~lnfe'5ted 
20 i",( X ' 
10 .... / 
100 10 80 70 
70 OOSPOAA''''" j , 
J 60 &0 
40 j 
30 
10 ~/ 
p 
10 
100 to 80 70 
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Relat ive liumid ity ( %) 
Fig. 6. Days to the first appearance of mold growth on infested and noninfested 
corn held at different relative humidities and temperatures. As only one noninfested 
control was u sed at each of t he temperatures, for ease of comparison this control was 
plotted against each of the fungi tested at the same temperature. The points were 
the observed values (see table 4) , while the curves were dl'awn from the values of 
I/ y derived from the regression equation and statistics presented in table 5. 
first appearance of mold growth at the different relative humidi-
ties conformed to a hyperbolic regr€ssion (xy = k) at the three 
temperatures and with the different fungus infestations. In 
general, the first appearance of mold growth on the infested and 
noninfested corn was €arliest at 35° C., intermediate at 25° C. 
and latest at 20° C. at all the tested humidities. Mold growth 
appear ed earlier on the infested corn than on the noninfested 
controls. The coefficients of the lin€ar regres.sions derived from 
the reciprocals of the number of days for the first appearance of 
mold growth (y) on relative humidity (x) are presented in 
table 5. 
Since different fungi wer€ employed at each of the different 
temperatures, no direct comparison can be made between the 
fungi used at the different temperatures. Comparison is pos-
sibl€, however, between the different fungi at anyone tempera-
ture (see table 4). Thus at 35 ° C., Aspergillus niger, a rapid 
grower , appeared earlier on corn at the higher humidities than 
either A. fiarvus or Penicillium sp. At 77.2 percent r.h. this 
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'l'ABLE 5. STATISTICS OF THE LINEAR REGRESSIONS* OF THE RECIPRO· 
CALS OF '!'HE NUMBER OF DAYS FOR THE FIRST APPEARANCE OF 
MOLD GROW"l'H ON PERCENTAGE RELATIVE HUMIDITY. 
Temperature Fungus 
35°C. A spergiUus 'ltiger . ......•.... . .. •.. •... 
A . fl a. u s . ............... . ..•...... . • . 
Penicillium sp ., . .......... . 
None-control . ....... . . . .. . ..... . . . . 
25 °C. Oospora sp ......... . .... . ........ . ... . 
A spergillus sp. (glaucus) . . .......•.. . ... 
A . amslelodami . ........ . ....... . .. • ... 
None---eontrol. ...................... . 
20°C. Pwicillium chrysoge""m ... .. .•. . ..... 
Penicillium sp . . . . . . ............... . 
None-control. .. ..... . ...... .. .... . . 
*y = y + b (x - 8 5) . 
tP less than 0.001 for all r egression s. 
.056 
.050 
. 049 
. 036 
.039 
.041 
.040 
. 036 
. 036 
. 035 
.030 
bt 
.0034 
. 0025 
.0025 
. 0014 
. 0020 
. 0024 
. 0022 
.0018 
.0016 
. 0018 
. 0015 
:t: 'l'hese values arc th e asymptotes for the curves shown in fig. 6. 
value of x 
when Y=O 
r. h. t 
68 .5 
65 .0 
65 .4 
59 .3 
65 .5 
67 .9 
66.8 
65 .0 
62 .5 
65 . 6 
65.0 
situation was rev€l·sed. At 25 ° C. and 20 ° C. the differences 
between the fungi were not so clearly marked, except for 20 ° C., 
at which temperature Penicillium chrysogenum appeared earlier 
than Penicillium sp. at 82.5 and 72.5 percent r.h. 
The hyperbolic nature of the regression of the number of days 
required for molds to develop on corn held at different relative 
humidities invites speculation on the minimum relative humidity 
values that al"f~ thresholds for growth of molds. Such values, 
calculated from the regression equations and shown in· table 5, 
ranged from 59.3 percent r.h. for the control at 35 ° C. to 68.5 
percent r.h. for Aspergillus niger infestation at the same tem-
peratu:r:e. Except for this low value of 59.3 percent r.h., the 
remaining values were approximately the same at the different 
temperatures, ranging from 62.5 to 68.5 percent with a mean of 
65.7 percent r.h. 'l'his mean limit is lower than the 75 percent 
limit ,for mold growth on corn as reported by Koehler (7) but 
agrees with the 65 percent limit for the molding of feeding stuffs 
reported by Snow et al. (12, 13). 
The identity of the molds developing on the corn was deter-
mined as far as possible by visual inspection. The fungi whose 
spores were dusted on the seeds were predominant on the corn 
under study only in the initial stages of molding. These fungi, 
however, 'were soon overgrown by species of Aspm'gillus, Peni-
cilli1l'Yn and of the Mncoraceae which are normally carried by 
the seeds. 
'1'he relative development. of the molds at thc different relati~c 
humidities amI tempera tu res, at 4G days auc1 at 9 months after 
the start of the experiment, shown in table 4, was progressively 
greater at the higher humidities. 
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After 9 months of storage there was complete loss of corn 
germinability at all humidities at 35° C. and at all relative 
humidities, except 77.2 and 72.5 percent, at 25° C. and 20° C. 
At 20° C. there was no loss of corn germinability at these low 
relative humidities. At 25 ° C. germinability was almost com-
pletely lost in the illfested COrll and partially lost in the 11on-
infested corn. 
DE'rERIORATION OF LOW-MOI8TUHE CORN S'l'ORED IN TIGR'r 
CONTAINERS 
'l'he deterioration of low-moisture corn in tightly closed con- ' 
tainers was studied in the laboratory over a 2-year period_ A 
quantity of No. 2 yellow corn of the current season with ap-
proximately 16 percent moisture was divided into five lots. 
These were dried over several days to 9.7, 11.0, 12.0, 13.0 and 
14.0 percent moistures, respectively. Corn with each of these 
moisture contents was then plac·ed in six replicated containers. 
The containers were constructed of galvanized sheet iron, 8 
inches in diameter and 3 feet high, each holding 0.84 bushel of 
corn. A glass window was provided in the upper half of each 
container to expose the corn to view. All the joints were water-
tight and were waterproofed where necessary 'with caulking 
compound. After being filled with corn the containers were 
cov·ered with tightly fitting, circular, galvanized iron disks and 
sealed with caulking compound. Four circular openings plugged 
with tig'htly fitting No.4 rubber stoppers were provided along 
the side of each container at distances of 8, 16, 24 and 32 inches 
from the bottom. These were used to remove samples. 
The results after 1 and 2 years of storage at 20-25 ° C. are 
shown in table 6. After 1 year of storage, noticeable detel~iora­
tion occurred only in the 14.0 percent moisture corn. 'l'he ger-
minability of this corn had decreased to 54.2 percent from the 
initial 92.0 percent, the fat acidity had increased to 41.3 unit" 
'rABLE 6. DwrERIOHATION m ' LOW·MOISTURE CORN AFU,R lAND 2 
YEARS OF STORAGE IN TIGH'r ME'rAL CONTAINEl~S. 
Moisture Germination Fat acidity Damage 
percentage* percentage units percentaget 
_~itial ! I yr. -------------1 yr. ! 2 yrs. Initial! l y r. ---2 yrs. Initial 1 yr. 2 yrs. Initial 2 yrs. 
9 . 7 1l .4 9 . 8 92 . 0 87 . 5 91.3 24.9 24 .7 26.1 3 . 6 3.7 3.7 
11.0 12 .0 11.4 92 .0 89 . 9 85 .2 24 . 9 24 .9 36.7 3. 6 3. 7 3.4 
12 . 0 13 . 3 12 . 1 92 .0 88 . 3 65 .5 24.9 30.2 40.3 3. 6 3.2 4 .0 
13 .0 14 . 1 13 . 1 92 .0 89 .9 26 .0 24 . 9 32 .4 49 .8 3.6 4.3 4 . 4 
14 .0 1.1 . 2 1-l . R n .o S4 .2 0 24 .9 4 1 . .1 68 .9 .1.0 7 . 1 45 . 6 
* Moi stul'es determin ed ",HIl a 'l~ag - I-leppen stt1l1 mois ture meter on th e initial sampl es 
nnd those uiter 2 yeal's; the air-oven was nsed for lnoisiul'c de te rmination s on sampl es 
at 1 year. 
,Determined by a fedel'al li censed grain luspeciol' . 
281 
from the original 24.9 units, while the percentage of damaged 
corn had increased to 7.1 percent from the original 3.6 percent. 
Blue-eye damaged kernels and members of the Aspergilltts 
glattctts group developed in this corn. The lower moisture corns 
showed no change in damaged corn or germinability at this time. 
There were, however, slight increases in fat acidity in the 12.0 
and 13.0 percent moisture corns. 
After 2 years of storage, the 14.0 percent moisture corn suf-
fered complete loss of germinability, the percentage of damaged 
kernels had increased to 45.6 percent, while the fat acidity had 
increased to 68.9 units. In this time the germ inability of the 
13 percent moisture corn decreased to 26.0 percent, the fat acidity 
increased to 49.8 units, while the percentage of damaged kernels 
remained unchanged. The 12.0 percent moisture corn showed 
a decrease in germinability to 65.5 percent and an increase in fat 
acidity to 40.3 units. The 11.0 percent moisture corn under-
went a very slight decrease in germinability and a slight increase 
in fat acidity. The 9.7 percent moisture corn showed little 
change from the original analyses in any of these characteristics. 
'fhe high corn moisture values after 1 year of storage, shown 
in table 6, require explanation. 'fhese moistures 'were determined 
by the air-oven method, a procedure yieldillg higher moisture 
values than does the Tag-Heppenstall moisture meter. The Tag-
Heppenstall meter was used for moisture determinations at the 
initial period and after 2 years of storage. 
DISCUSSION 
Fifty to 75 percent of the bins examined in three different 
years showed mold development in the upper regions of the con-
tained corn. Approximately 10 percent of the corn in these bins 
was estimated ~s moldy. Since the examinations were confined 
to the high-moisture corn areas of Iowa, no estimate is available 
of the amount of deterioration that may have occurred in the 
drier corn sections of the state. Some deterioration might have 
been expected from the 'losses already noted in corn having 12-13 
percent moisture. 
The occurrence of molds in the upper central region within the 
bins raises problems as to the origin of the additional moisture 
for the development of molds in otherwise fairly dry corn. At 
the outset there were inequalities in distribution of moisture 
within the bins (because of filling each bin with different lots of 
corn having differen 11 moisture contents); hnt it could not be 
I'xpectecl that ill 50 to 75 perccnt of 1ill' him; the high-moisture 
corn would be placed in the upper part. The eyidcnce suggests 
that the initial uneq Llal distribution of moisture becomes rapidly 
equalized tliroughout the bins and that sufficiently high moistures 
• 
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for mold growth in the upper regions must develop after the 
bins are filled. The theory that the high surface moistures re-
sulted from snow blowing into the bins through the top venti-
lator during the winter months does not account for the absence 
of mold development in adjacent bins similarly constructed and 
protected. Furthermore, the center of mold development in the 
upper layers was only occasionally directly below the ventilator 
where snow might be expected to accumulate. A more likely 
. source for the high moisture content of the surface corn would 
be the condensation of water vapors from the atmosphere above 
and from the corn below (2). Once mold development becomes 
established in the corn, higher moisture may be expected to de-
velop as a by-product of mold activity. 
'l'he appearance of Penicillium palitans in the corn as a broad 
zone of mold growth during the winier period suggests the 
ability of this fungus to develop at low temperatures. Such a 
suggestion was borne out by laboratory tests wherein this fungus, 
together with others isolated from kernels showing blue-eye, 
was able to develop at 90 anq. 0.5 0 C. The observed development 
of P. palitans, a mold producing characteristic blue-eye, outside 
the confines of the embryo was perhaps conditioned by the pre-
vailing higher moistures. 
The minimum corn moisture content for the development of 
molds is largely unknown and could not be determined in the 
present bin i}1spections. Koehler (7) has noted that 14.3 per-
cent moisture corn supported the growth of the most drouth-
tolerant Aspe?·gilltf..S glanClf..S group, while 16.7 percent moisture 
or more was necessary for the development of blue-eye. The 
laboratory studies reported here have indicated that 14.0 percent 
moisture would support blue-eye development. This difference 
in blue-eye development in the two studies may be due in part 
to the methods of moisture determination. Koehler determined 
moisturesby drying the corn with a fan in a 100 0 C. oven over a 
4-day period; in the present studies the determinations were 
made using the 'l'ag-Heppenstall meter. This meter (standard-
ized against a water-oven) is known to give moisture readings 
of from 1 to over 2 percent lower than the two-stage vacuum-
oven method (3, 9, 11 ) . The Iowa agents of the Agricultural 
Adjustment Administration used this meter to determine the 
moisture content of the corn placed in the bins. 
'l'he occurrence of mold growth on corn at 72.5 percent rela-
tive humidity with a possible minimum of approximately 65 
percent r.h. raises the problem of the equivalent corn moistures 
to which these relativc humidities eOlTespond. According' to 
BaiIey's results (1) these relative humidities shou ld cOLTespond 
to approximately 14.0 and 13.0 percent corn moistures, respec-
tively, but this transposition is beset with many limitations be-
• 
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cause of inadequate data covering the relationship. 'rhe samples 
of corn and the methods of moisture determinations are illl-
pOl·tant factors to be considered in arriving at this relationship. 
The losses of corn germinability and the increases in fat 
acidity are changes of fundamental importance. Their occur-
rence in corn bears directly on the commercial value of the crop 
and on its subsequent storability. Very little is known about 
the significance of these changes except that Zeleny (14) has re-
cently reported on the greater heating tendencies of corn that has 
undergone these changes, while Robertson et a1. (10) have re-
ported that older grains lose their vitality more rapidly than 
the newer grains. . 
The development of these changes in corn at low moistures of 
approximately 11 percent introduces problems of maximum mois-
ture limits for the safe storage of corn. The limit of 13.5 per-
cent moisture (as determined by the Tag-HeppenstaU meter) is 
obviously on the border line of safe shelled corn storage. Robert-
son et a1. (10) have noted germinability losses in 11 percent 
moisture wheat, oats and barley after 1 year storage at 57.6 
percent r.h. Greater and more rapid germinability losses oc-
curred under higher moisture conditions, and some losses 
resulted in wheat on long storage at lower moisture conditions. 
Jones, Denine and Gersdorff (6) have recently noted that , pro-
teins in 10.59 percent moisture corn after 12 months of storage 
break down into smaller units and become less soluble in various 
dispersing agents and less digestible by pepsin and trypsin. 
'l'he absence or nearly complete absence of insects in the corn 
examined in the present bin inspections was surprising because 
of their reported great prevalence in other mOre southerly sec-
tions of Iowa. The few insects observed in the early spring bin 
inspections were confined to the regions of developing molds 
where warmer temperatures prevailed. During the late-August 
early-September inspection of 1941, insects were found in only 
moderate numbers in 3 out of 58 bins. 
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